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ABSTRACT 

The first gamma-ray line originating from outside the solar system that was ever detected is the 51 1 keV emission from the center of 
our Galaxy. The accepted explanation of this signal is the annihilation of electrons and positrons. However, despite 30 years of intense 
theoretical and observational investigation, the main sources of positrons have not been identified up to now. In this paper we propose 
an alternative explanation: the observed signal is due to atomic transitions to "small hydrogen atom," where electron is captured by 
proton on a small tight orbit around proton. This model may also be relevant to some dark matter searching experiments capable of 
observing a very small signal. We propose a detector to improve their detection-reach even further down to smaller signals equivalent 
to a single electron and a single photon of a few eV energy. This detector may be able to detect a prevailing direction of the small 
hydrogen (or a light-mass WIMP interacting with shell-electrons). We describe the status of the experimental search to find the small 
hydrogen atom, and propose a method how to discover it in the lab directly. 

Key words. 511 keV peak at the galactic center, small hydrogen atom, DDL atom, low mass WIMPs interacting with electron shell, 
dark matter search experiments 



• 1, Introduction 

^H Rutherford suggested already in 1920 that electron-proton could 

Q be bound in tight state [Reeves, 2008]. At that point neither 

Vh the Shroedinger equation (1926) nor Dirac equation (1928) was 

(y^ known to him. He asked his team, including Chadwick, to search 

Cd for this atom. After Chadwick's discovery of the neutron in 1932 

there was a lot of discussions whether it is an elementary parti- 

p^ cle or a hydrogen-like atom formed from electron and proton 

^ [Pais, 1986]. For example, Heisenberg was among those who ar- 

(yr) gued that Chadwick's particle is a small hydrogen atom. At the 

Cf^ end the Pauli's argument won, that the neutron spin 1/2 follows 

OO Fermi-Dirac statistics and this decided that the neutron is indeed 

^^ an elementary particle. This is a well-established fact and it is 

T-h not discussed in this paper. 

^^ However, it is a separate question to see if the Schroedinger 

CO or Dirac equations would actually allow a solution correspond- 
^■^ ing to a small hydrogen, which would be a completely sepa- 
^ rate entity to the neutron discovered by Chadwick. It must have 
• ^-H been obvious to both Schroedinger and Dirac, and certainly to 
/\^ Heisenberg, that there is a peculiar solution to their equations. 
^ This particular solution, which corresponds to the small hydro- 
gen, was at the end rejected because the wave function is infinite 
at r = [SchiflT, 1968]. The infinity comes from the Coulomb po- 
tential shape, which has the infinity at r = 0; it was a consequence 
of the assumption that the nucleus is point-like. In addition no- 
body has observed it. At that point the idea of small hydrogen 
died. However, its idea was revived again ~ 70-years later [Maly 
and Va'vra, 1993 and 1995], where authors argued that the pro- 
ton has a finite size, being formed from quarks and gluons, and 
that the electron experiences a diflTerent non-Coulomb poten- 
tial at very small radius. In fact, such non-Coulomb potentials 
are used in relativistic Hartree-Fock calculations for very heavy 
atoms where inner shell electrons are close to nucleus [Smith- 



Johnson, 1967] or [Bush-Nix, 1993]. Maly and Va'vra simply 
applied a similar idea to the problem of small hydrogen, i.e., 
they used the Coulomb potential in the Schroedinger and Dirac 
equations to solve the problem outside the nucleus first, then they 
used the above mentioned non-Coulomb potentials in a separate 
solution for small radius, and then matched the two solutions at a 
certain radius; one should note that probably more sophisticated 
potentials will have to be used in the future as the proton quark 
structure is complex. Using this method they retained solutions 
for small hydrogen which were previously rejected; they called 
these new solutions "Deep Dirac levels" (DDL). It is interesting 
to note that the diflTerence between two types of hydrogens, a 
normal-size and a small-size, is only a sign in one equation. 

S. Brodsky pointed out that one should not use the "1920 
quantum mechanics" to solve the problem of small hydrogen; in- 
stead one should use the QED theory [Brodsky, 2010]. However, 
he also pointed out that there were attempts to find a tight 
electron-proton bound state, called protonium, using the QED 
theory [Spence, Vary, 1991] with some hints of unusual small 
positronium and hydrogen resonances induced by a short range 
hyperfine interaction, but they were not validated. I have a cer- 
tain hesitancy to ignore solutions of the relativistic Dirac equa- 
tion, as the DDL hydrogen atom is not that small for larger or- 
bital excitations (see text later), and electron energies are not 
very high for excited quantum states. This paper will not try to 
resolve this issue theoretically; this has to be done by a real the- 
orist. Instead we turn to experimental observations to seek any 
hint of evidence for the existence of such atoms, hoping that if 
they are found experimentally, the real theory can be developed. 

One reason why the idea of small hydrogen died is that no- 
body has found it. Recently we realized that a possible evidence 
may come from the center of our galaxy, which produces a very 
strong 511 keV signal. The most obvious explanation of this sig- 
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nal is the annihilation of electrons and positrons. The problem 
is that no significant source of positrons have been detected so 
far to explain the measured rate. The model of small hydrogen 
could explain it, as there is plenty of hydrogen near the center 
of galaxy, which can be ionized, and its plasma may form small 
hydrogen at certain small rate. 

We also question if some Dark matter searching experiments 
may have some sensitivity to the small hydrogen atom. This type 
of atom would deposit very small dE/dx and a typical shielding 
may not be thick enough to stop it. It would get to underground 
experiments via access tunnels and elevator shafts. We are in 
particular interested in those dark matter experiments, which are 
capable of detecting a very small signal and not requiring nu- 
clear recoil. In fact, we propose a new detector to improve the 
detection sensitivity to even smaller signal equivalent to a single 
electron and a single photon with energy of a few eV. 

The paper also discusses the previous laboratory tests, which 
tried to discover the small hydrogen atom directly, and proposes 
new searches. 

Although we concentrate on a detection of small hydrogen 
atom, many suggestions of this paper also apply to a search for 
light-mass WIMPs interacting with atom shell-electrons. 



2. The 511 keV gamma signal from the center of 
galaxy 

One of the most intriguing puzzle of the astrophysics is to ex- 
plain a 511 keV Gamma signal in the center of the Galaxy. 
Figure [T] shows the observation of this signal by the NASA 
Compton Gamma Ray Observatory [CGRO, 1991] with the 
OSSE instrument aboard [Cheng, 1997; Purcell, 1997]. Figure|2] 
shows the more recent observation of this signal by the Integral 
satellite observatory [Prantzos et al, 2010]. The most obvious 
explanation of this signal is the annihilation of electrons and 
positrons. Figure 2 shows that the spectrum can be nicely ex- 
plained using the annihilation emission measured with narrow 
and broad Gaussian lines and an ortho-positronium continuum; 
the power-law shape accounts for the Galactic diff'use contin- 
uum emission. The calculation indicates a total ^^ annihilation 
rate of more than ~ 2x10^^^^/^. The paper points out that the 
most likely sources of positrons are thermonuclear supernovae 
with ayS^ radioactive decay from ^^Al, "^"^Ti or ^^Co. 

However, there is one major problem with the explanation 
based on the the e" e annihilation model. Citing N. Prantzos's 
paper precisely: "despite 30 years of intense theoretical and ob- 
servational investigation, the main sources of positrons have not 
been identified up to now [Prantzos, 2010]." 

In the following we off'er an alternative explanation of the 
511 keV signal using a model of small hydrogen atom. 



3. Model of small hydrogen atom and the 511 keV 
signal from the center of the Galaxy 

3. t. The small hydrogen atom. 

The mathematics of the small hydrogen atom, was presented in 
two very detailed papers [Maly and Va'vra, 1993 and 1995]; 
here we provide a summary relevant to the astrophysics problem. 
Figure [3] shows energy levels of small hydrogen atom as a func- 
tion of orbital quantum number L (for Schroedinger equation) 
or k (for Dirac equation). One can see that for orbital excitations 
above k ~ 10 the transition energy becomes to be very close to 
~ 5 1 1 keV. Since it is likely that transitions to DDL levels are 
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Fig. 1. The 511 keV signal observed by the NASA Compton 
Gamma Ray Observatory (CGRO, launched in 1991) with the 
OSSE instrument aboard [Cheng, 1997; Purcell, 1997]. 
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Fig. 2. The 511 keV signal observed by the ESI instrument 
aboard the ESA Integral satellite observatory [Prantzos, 2010]. 
Fit of the spectrum of the annihilation emission measured by SPI 
with narrow and broad Gaussian lines and an ortho-positronium 
continuum. The power-law accounts for the Galactic diffuse con- 
tinuum emission [Jean, 2006]. 



accompanied with large orbital excitations, we can assume that 
typical single photon will have energy very close to 511keV. 

Figure |4] shows transition energy between two neighbor- 
ing energy levels as a function of orbital quantum number L 
or k. Notice that the Schroedinger and Dirac equations pro- 
vide slightly different results. Table [T] shows E(k-hl)-E(k) transi- 
tions; as the quantum number k increases, the transition energy 
E(k-hl)-E(k) decreases. There is a very broad range of wave- 
lengths emitted by DDL atoms, all the way from Gamma-rays to 
infrared wavelengths. 

To estimate electron energy on hydrogen DDL levels approx- 
imatelly, we will use a simplification of calculating the Bohr ra- 
dius (see Fig. [5]) from energy levels (see Table [T]), which then 
allows an easy estimate of electron equivalent orbit energies (see 
Fig.|6]) using the De Broglie formula. This is naive, but it leads to 
interesting predictions. One can see that at large values of orbital 
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Fig. 3. Energy levels of small hydrogen atom level as a function Fig. 6. Electron orbit energy of small hydrogen atoms as a func- 
of orbital quantum number L (for Schroedinger equation) or k tion of orbital quantum number L or k. 
(for Dirac equation). Terminal energy transition is ~ 511 keV 
for very large L or k. 
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Fig. 4. Transitions between two levels of the small hydrogen 
atom as a function of orbital quantum number L or k. 

Size of small hydrogen atom = f(L or k) 
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Fig. 5. Bohr radius of small hydrogen atom as a function of or- 
bital quantum number L or k. 



quantum number k, the DDL hydrogen atom size is quite large. 
One can also see that electron needs an energy of ~ 100 keV to 
enter the DDL hydrogen atom for k ~ 40; that is quite a large 
energy. This may lead to a difficulty to form the DDL atom ar- 
tificially, as such energy is not easy to obtain in typical labo- 
ratory experiments so far. In addition, a transition to the DDL 
level does not have to go via a single photon as one deals with 
large energy gaps for small k, and the usual perturbation theory 
of atomic transitions may not apply. If a multiple photon transi- 



tion occurs one would not observe a peak if only one photon is 
detected, which makes such transition hard to recognize the cor- 
rect transition. All such photons would have lower energy than 
511 keV and would appear as low-energy tail. This may explain 
the assy metric gamma energy spectrum from the Galaxy center 
- see Fig. [T] 

It is clear that nobody has observed yet a rapid collapse of 
normal hydrogen atom into a small hydrogen atom. This is be- 
cause of three major factors: (a) a small wave function overlap, 
and (b) electron energies are substantially diff'erent between nor- 
mal and DDL atom, (c) to latch an electron on the DDL level, it 
needs a substantial energy, and (d) the transition from a normal 
level to deep level may go via a multi-photon emission. 



3.2. Formation of "small hydrogen atom" close to the black 
hole at the Galaxy center. 

The vicinity of the black hole at the center of our Galaxy has 
a high density plasma, including free electrons and protons. 
Energetic electrons can be trapped by proton to form small DDL 
hydrogen atoms with high orbital quantum numbers; such DDL 
atoms will emit 511 keV gammas as discussed before - see 
Fig. [3] Some fraction of DDL hydrogen atoms will leak out into 
the Galaxy halo. We would like to demonstrate this idea on an 
example of the Sombrero galaxy. Nice thing about this particular 
galaxy is that we see its halo from outside where we would like 
to search for the small hydrogen. Figure |7] shows the Sombrero 
galaxy image, recorded by the Spitzer satellite [Bendo, 2006], 
overlaid over earlier Hubble telescope image in visible. The pic- 
ture shows the very active accretion disk, the dusty ring and 
the oval shape halo. NASA's explanation of the halo is that it 
is formed of billions of stars circling in all manner of direc- 
tions. The DDL hydrogen could be part of this halo as well, and 
its transitions may contribute to the infrared wavelength region. 
Figure [8] shows Sombrero galaxy images for various wavelength 
regions. If one looks at Table [T] one sees that in order the DDL 
hydrogen to radiate in the infrared wavelength region of 850 mi- 
crons, it has to be excited to very high k- values (in the region 
of ~ 1130). There are very specific spectral lines predicted by 
the DDL hydrogen atom model, which one could specifically 
search for in the Sombrero galaxy halo signal, if clear precise 
data would exist. 
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Table 1. Calculated energy levels and transitions between two 
levels, k and k+1, of the "small hydrogen atom" in the infrared 
wavelength region. 



Orbital 


Calculated 


Calculated 


quantum number 


energy level 


transition 


k 


E(k) [keV] 


E(k+1)-E(k)[nm] 


1 


509.135 


1.330 
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510.067 


3.990 
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510.378 
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Fig. 7. Infrared glow of the Sombrero galaxy (NG4594), 
recorded by the Spitzer satellite, overlaid on earlier Hubble tele- 
scope image in visible [Bendo, 2006]. 
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Fig. 8. Infrared emissions of the Sombrero galaxy (NG4594) at 
3.6, 8, 24, 70, 160 and 850 microns, recorded by the Spitzer 
satellite [Bendo, 2006]. The small DDL hydrogen can emit light 
in this wavelength regime - see Table [T] 



3.3. The galaxy stability question 

Let's assume that the DDL hydrogen is produced at a rate of 
~ 2x10"^^/^, i.e., the same rate as observed rate of the 51 1 keV 
signal from the galaxy center (the rate of production may be 
higher if multi-photon transitions are eoccuring). For example, 
if we assume that the small hydrogen is being produced at a con- 
stant rate since the galaxy formation and that it leaks into the 
galaxy's halo at a 1% rate, it would have accumulated a total 
value of ~ 1.3x10^^ kg after 13.2 billion years, which turns out 
to be a negligable fraction of the total weight of all matter in 
the galaxy (the fraction is less than ~ 10"^^, assuming that the 
mass of the galaxy is ~ 1000 billions of sun masses). Therefore 
we do not have an obvious argument that the DDL atom plays 
a significant role in the Galaxy stability argument, although the 
assumption of the production constancy of the small hydrogen 
production is likely to be wrong as the amount of the "supply 
material" must vary. 



4. Experiments to find the small hydrogen atom 
directly. 

To discover the small DDL hydrogen atom in the laboratory, one 
should observe a clear 511 keV signal. We tried to find such a 
transition during controlled sparking experiments in a pure hy- 
drogen gas at low pressure [Va'vra, 1998]. The test searched 
only for a large and obvious eff'ect, i.e., it was not designed for 
a long-term search of very rare events. A 1mm sparking gap op- 
erated with peak spark currents of 0.2-0.5 kA at low pressure 
of ~2 Torr, with sparking gap electric gradient of 2.5 kV/mm, 
the total spark charge more than -4x10^^ electrons/spark, and 
electron densities approaching ~10^^ electrons/cm^. There was 
a modest gas gain in the sparking gap creating ions. Various de- 
tectors were used since the original publication: a BF3 counter, 
a Csl detector and two small back-to-back TPCs. No evidence of 
DDL hydrogen was found in terms of observation of a single 511 
photon. However, the experiment did detect a very large num- 
ber of 2-10 keV X-rays for a sparking voltage of only ~2.5 kV. 
X-rays were produced only when positive ions were produced. 
The total energy of all X-rays per event was typically more than 
100 keV/spark. The experiment did not have a capability to mea- 
sure X-rays over full solid angle to check if the energy integral 
would be close to 511 keV. A conventional explanation is the 
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pinch effect creating a larger accelerating voltage than the elec- 
trode voltage [Va'vra, 1998]. 

The next two examples are presented here just to illustrate 
that one may need to push for higher electron-ion density. First, 
one should mention that neutrons were produced during ex- 
ploding wire experiments [Stephanankis, 1972]. The experiment 
reached currents up -1.2 MA with peak voltages up to -0.6 MV 
and ion density up to -lO^^cm"^, which is many orders of mag- 
nitude higher than what was reached in the above mentioned low 
pressure sparking experiments in pure hydrogen. Next, one may 
also mention that neutrons were detected during lightning strikes 
[Shah, 1985]. However, these tests are even less clear as one does 
not control critical parameters at all. Just to compare, most of 
lightning strikes reach currents of less than ~35 kA, charges up 
to ~20 C and lasting less than ~1 ms [Lowke, 1996]; voltages 
can reach values in excess of -100 kV. These are again much 
higher values than in the above low pressure sparking tests. 

Probably the best way to discover the DDL atom in the future 
is to create a very high density plasma of electrons and protons 
(density probably approaching -lO^^cm"^) by a very powerful 
laser aiming at hydrogen gas target, and use calorimetric crystals 
to detect photon energy. Perpahs, this is a possible test for the 
National Ignition Facility [Hand, 2012]. 

5. Energy loss of small hydrogen atom 

The DDL hydrogen atom can upset the detector's atomic elec- 
tron shell, when it is moving very close to the atomic shell- 
electron. It will be an electromagnetic interaction between the 
shell-electron charge and an electric dipole moment of the small 
DDL hydrogen atom. The size d of the DDL atom depends on its 
orbital excitation, in the ground state its size is small and in the 
excited state it is large - see Fig. [5] The dE/dx loss from the DDL 
hydrogen atom passing through medium will be much smaller 
than from a passing muon. The proper calculation is complicated 
and will not be presented here, instead we we will make a simple 
estimate. Let's assume that the DDL hydrogen atom is passing 
at a distance of r from a target atom. A ratio of electric field 
from a single charge and a dipole charge is Esingie chargel^dipoie 
~ (q/r^)/[(q.d)/r^)] ~ r/d for r » d, where q is a single charge 
and d is a distance between two charges in the dipole. This ratio 
is close to ~ 10^ for r = 1 A°, d = 100 Fermi. One can assign 
an eff'ective charge for the dipole atom scaled down from a nor- 
mal charge by the "^single chargel^dipoie' ratio, and estimate the 
energy loss of DDL atoms using the Bethe's formula, by scaling 
it from the muon energy loss, assuming 1.5 MeV/(g/cm^) and 
the medium density of 5.5 g/cm^. Using this recipe one can esti- 
mate the expected energy loss for DDL atoms - see Fig. [9] One 
can see that the dependence is complex and depends on values 
of r and d. The dE/dx loss is extremely small for the DDL atom 
in ground state, corresponding to k = 1, i.e., d close to a few 
Fermi. It is significant only if the DDL atom is very close to a 
shell-electron. 



Figure 10 shows annual modulation due to the Earth's mo- 
tion around the Galaxy and the Sun [Drukier, 1986]. Assuming 
that the small DDL hydrogen is in equilibrium with the Galaxy 
motion, i.e., it rotates with the similar velocity as the Sun 
(-230 km/sec), the Earth will see a slight modulation of partial 
pressure of small DDL atoms with a phase starting in June due its 
orbit velocity of ~ 30 km/sec around the Sun. This corresponds 
to Beta = v/c ~ 0.0001, which means that a small hydrogen atom 
will cross ~ 1 meter in about 30 microseconds, a very small ve- 
locity indeed. For a DDL hydrogen atom mass, this velocity cor- 
responds to a kinetic energy of less than ~ 5keV, again a very 
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Fig. 9. A simple calculation of energy loss of DDL atoms in the 
typical medium, such as rock, for various values of r (distance to 
the medium atom) and d (size of DDL atom - see Fig. [5]). 
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Fig. 10. Rotation of Earth in the Galaxy and around the Sun. 
The dark matter signal modulation is expected to be driven by a 
relative change in kinetic energy obtained from relative velocity 
of 30 km / sec. 



small value. There could be a high energy tail due to collisions 
with ions and other cosmic rays, but the mean value is small. And 
it likely gets smaller due to collisions in the atmosphere. The 
energy loss for such a small value of v/c is on the "Lindhard"- 
side of the dE/dx-curve [Lindhard-Scharff, 1961] and [Sigmund, 
2003], and therefore the energy loss is probably even smaller 
than what was estimated above. The small hydrogen velocity, its 
electromagnetic interaction will likely reduce chances of hard 
collisions with nuclei, which is the main mechanism how neu- 
trons lose energy. 

It is clear that a precise dE/dx calculation is not simple, and 
is missing in this paper. 



6. Search for the light-mass Dark matter 

Most present dark matter experiments rely on the interaction of 
a weakly interacting heavy-mass dark matter particle (WIMP) 
with a nucleus of Xe, Ar, Ge, Na, etc. The WIMP particle is 
assumed to be either light-mass (see Fig. [TT]), or very massive 
(see Fig. 12). Although all these experiments are sensitive to 
energetic neutrons of a few MeV energy, coming from the sur- 
rounding radioactive rock, they are not sensitive to a dark matter 
particle mass close to a "neutron mass" and having a very small 
kinetic energy corresponding to the "30 km/sec modulation" of 
Earth's orbit around the Sun. 

Can one somehow fit the DDL hydrogen model into the Dark 
matter search ? Its dE/dx deposit will be substantially smaller 
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Fig. 11. Sensitivity of various present Dark matter experiments 
to light-mass WIMP particle [Pyle, 2013]. 
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Fig. 12. Sensitivity of various present Dark matter experiments 
to heavy-mass WIMP particle [Aprile, 2012]. 



than a typical cosmic ray muon, but it will be probably large 
enough that such atoms will not pennetrate a 1-2 km of rock 
directly. The only way to reach the present dark matter exper- 
iments is to get down there through access tunnels or elevator 
shafts. Assuming that the small DDL hydrogen is in equilibrium 
with the Galaxy motion, i.e., it rotates with the similar velocity 
as the Sun, the Earth will see a slight modulation of the partial 
pressure of small DDL atom gas. This includes the Grand Sasso 
lab, which has an easy highway access. Although all above men- 
tioned dark matter searching experiments have local shielding, it 
may not be thick enough for the DDL atoms. For example, the 
DAMA experiment has a local shielding consisting of ~ 10 cm 
of Cu, 15 cm of Pb -h Cd foils, 10/40 cm Polyethylene/paraffin, 
and about 1 meter concrete outside the installation. 

The DDL hydrogen atom will cause extremely small atomic 
excitations, either single electron ionization or single photon ex- 
citation. We would expect to observe the "Landau-like" dE/dx 
curve with a non-zero peak. This may require a new detector 
concept (see last chapter), but to the extent that existing low mass 
dark matter experiments are useful for this discussion, we are 
interested as well. For example, experiments such as DAMA, 
CoGeNT or DAMIC cannot tell if a given excitation comes 
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Fig. 13. DAMA/LIBRA single-hit scintillation pulse height 
spectrum in Nal(Tl) crystals. The energy threshold of the experi- 
ment is 2 keV and corrections for efficiencies are already applied 
[Bernabei,2008]. 
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Fig. 14. CoGeNT experiment pulse height spectrum of bulk 
events, where a contribution from surface and cosmogenic con- 
taminations are removed. Overimposed is the expected signal 
from a WIMP mass of 8.2 GeV [Aalseth, 2012]. 
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Fig. 15. DAMIC pulse height spectrum. The upper histogram 
shows the spectrum for all hits, the solid line just below is the 
result of eliminating the single pixel hits, and the hatched his- 
togram corresponds to the events passing the selection cuts, de- 
scribed in the paper [Barreto, 2012]. 



from the nuclear recoil or interaction with the electron shell, 
and therefore we include them in our consideration. On the other 
hand, we do not include the CDMS data, as the present analysis 
assumes a clear nuclear recoil. 

The first experiment to observe a clear annual modula- 
tion is the DAMA/LIBRA experiment using single-hit scintil- 
lation events from a 2-4 keV energy interval [Bemabei, 2008]. 
Figure [13] shows the DAMA/LIBRA pulse height spectrum, 
which shows a pulse height bump around 2-4 keV, and a min- 
imum near the pedestal in the region below ~ 2 keV. This shape 
is not expected from either WIMP or DDL hydrogen atom mod- 
els. There is also a hint of a similar anual modulation signal in 
the CoGeNT experiment and possibly CRESST [Kelso, 2012]. 
The CoGeNT detects electrons in their Ge crystal, and cannot 
tell, similarly to DAMA, if the signal comes from the electron 
shell or the nuclear recoil. CoGeNT observes the anual modula- 
tion using energy deposits between 500 eV and 3 keV [Aalseth, 
2012]. Figure [14] shows the CoGeNT pulse height spectrum, 
which resembles an exponential, and does not show a bump 
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near 2-4 keV. One possible way forward to answer this question 
is the DAMIC experiment [Barreto, 2012], which is based on 
CCD technology with extremely low single-electron detection 
thershold [Estrada, 2013]. Figure p3] shows the DAMIC pulse 
height spectrum, which shows an exponential spectrum near the 
threshold, and again does not show DAMA's bump near 2-4 keV. 
However, at this point, it is not yet known if DAMIC observes 
the yearly modulation using the signal from these small energy 
deposits. 



7. Detector proposal to search for small hydrogen 
atom or light-mass WIMP. 

The best way to detect the small DDL hydrogen atom, and it ap- 
plies also for a light mass WIMP interacting with electron shell 
only, is to build a large 1-2 meter diammeter spherical TPC, 
filled with a high pressure ethane gas [Giomataris, 2004] with 
a capability to detect both (a) signle electrons, and (b) single 
photons using PMTs with the Bialkali photocathode, placed at 
an outer radius with as high coverage as practically possible - 
see Fig. 16 One would make the inner spherical TPC surface re- 
flecting to increase the overall photon detection efl&ciency. This 
TPC would be located underground, somewhat shielded from 
cosmic rays and local radioactivity, but shallow enough to allow 
the DDL atoms to penetrate. The small hydrogen atoms inter- 
act with atomic- shell electrons would and leave a trail of sin- 
gle photon excitations, and an occasional single electron deposit. 
The low mass WIMP, interacting only with a light nucleus, such 
as hydrogen in ethane, would occasionally create an event hav- 
ing a single electron and a single photon (however, for for the 
WIMP detection, the TPC would have to be located deeper un- 
der ground to supress the background). A trigger would be a 
single photon. An interesting signal would be a train of single 
photon hits within a 30 microsecond window (this would be de- 
termined in on-line DAQ software). The anual modulation of this 
signal will be proof that we are detecting the Dark Matter. With 
this scheme we might even attempt to determine a "Landau-like" 
dE/dx curve with the most probable value as low as even 10- 
50 eV. This would represent the lowest energy threshold ever 
achieved in any dark matter detector so far. 

Although we present here the spherical TPC as one exam- 
ple, many other detection schemes are under consideration for a 
detection of the small hydrogen presently. 



8. Conclusions 

1 . The paper suggest an alternative explanation of the 5 1 1 keV 
gamma signal from the center of our Galaxy. The accepted 
explanation of this signal is the annihilation of electrons 
and positrons. However, despite 30 years of intense theo- 
retical and observational investigation, the main sources of 
positrons have not been identified up to now. In this paper 
we propose that the 5 1 1 keV signal is due to atomic transi- 
tions in the "small DDL hydrogen" atom, where an electron 
is captured by a proton on a small tight orbit around a proton. 

2. The paper suggests that dark matter experiments should 
search for the smallest possible energy deposit and deter- 
mine that it shows the anual modulations. This include ex- 
periments such as DAMA/LIBRA, CRESST, CoGeNT and 
DAMIT, and perhaps CDMS if it will not require the nuclear 
recoil. The paper suggests that such a signal would be caused 
by occasional very tiny dE/dx interactions of the "small hy- 
drogen atom" with atomic shell electrons of the detector, and 
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Fig. 16. Proposed spherical TPC detector to search for DDL 
atoms or light-mass WIMPs, interacting with electron shell elec- 
trons, with the smallest possible sensitivity to detect single elec- 
trons and single photons of 2.4-4 eV. 



not by interactions with the nucleus. If a heavy-mass WIMP 
does not exist, and all we have is the small hydrogen atom or 
light-mass WIMP, which interacts with shell-electrons only, 
most of dark matter experiments will not see anything. 

3. To observe "small DDL hydrogen" atoms with highest pos- 
sible sensitivity, we propose to use a high pressure spherical 
TPC, equipped with both single electron and single photon 
sensitivity for photons of 2.5-4 eV energy. Such TPC will 
also have a chance to observe a "Landau-like" dE/dx distri- 
bution with very small most probable energy deposit. 

4. To discover the "small DDL hydrogen" atom directly in the 
laboratory, we propose to use a powerful laser aiming at a 
hydrogen gas target creating a high density plasma of elec- 
trons and protons, and look for the 51 1 keV signal. 

5. Although the paper conscentrates on a detection of the small 
hydrogen atom, the proposed detector can be used also to 
a search for a light WIMP, interacting with a light nucleus, 
such as hydrogen in ethane gas. 

6. Although this paper does not provide a proof that the small 
hydrogen atom exists, it provides a motivation for a new 
search. But it would have to be done on much larger scale 
than what was done until now. 
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